Abstract. In this paper, an image denoising method based on geodesic distance is proposed. Different from the denoising method in the traditional Euclidean space, this image denoising method measures the similarity between two pixels in the image according to their geodesic distance. The point in the manifold is a Gaussian model constructed by an area in the image. The geodesic distance between the models represents the difference in the average grayscale intensity and in the abundance of details of the two image regions. This makes the difference in the average gray intensity and in the abundance of details of the regions as the similarity between the pixels, and can more accurately measure the similarity between pixels. Experiments show that this method improves the image denoising effect while still keeping the image details well.
Introduction
Because Gaussian noise seriously affects the visual effect of the image and affects the next step of image processing, it is necessary to reduce the Gaussian noise by using the appropriate method before performing feature extraction and image segmentation. At present, there are many methods of image denoising in space domain, such as statistical method, variational method and partial differential equation method. Information geometry is a new discipline developed in recent years [1] [2] [3] . It is a new theoretical system proposed by modern differential geometry method in Riemannian manifold to study the fields of statistics and information. The information geometry studies a set of probabilistic distribution functions as a whole and investigates the geometric structure information contained in the probability distribution cluster. And the form of the probability distribution function determines the relationship between each probability distribution function and its surrounding probability distribution functions. On the basis of the above principle of information geometry, the Gaussian model is established according to the average gray level and detail abundance of the image region. Based on the spatial distance, the similarity of the average gray intensity and the degree of detail richness in the neighborhood of the pixel is considered so that the denoising ability is improved while the details of the image are maintained [4] [5] .
Geodesic
The geodesic lines represent the difference between the average grayscale and the degree of detail abundance between the neighborhoods of the two pixels, and are used to measure the similarity between pixels. In this paper, the geodesic is used in the statistical manifold using Riemann metric to calculate. The following mainly describes the establishment of statistical manifold and the calculation of geodesic [6] .
Statistical Manifolds
The neighborhood N around the pixel is an n × n area. According to the gray value of n 2 pixel in N, I (x, y) represents the pixel value at (x, y), and the mean value µ and the variance σ 2 are by the following equation:
(1)
(2) In the case of each pixel is estimated to have its own Gaussian model with (µ, σ 2 ) as the parameter.
3) This Gaussian model reflects the distribution of grayscale intensity and detail abundance in the region. The Gaussian distribution of all pixels forms the statistical manifold with (µ, σ 2 ) as the parameter.
Calculation of Geodesic Lines
The statistician Rao proposed to use the Fisher information matrix as a statistical manifold for the Riemannian gauge and to use the geodesic distance to measure the difference between the probability distribution functions, thus opening the statistical geometric study [7] . Fisher degrees is given as following:
The E[ ] represents the mathematical expectation of the random variable, and the Fisher information matrix measures the ability of the two adjacent parameters θ and θ + dθ to be distinguished by the x. The differential distance between adjacent two points p (x | θ) and p (x | θ + dθ) on the statistical manifold can be expressed by the metric:
Consider connecting two points θ 1 θ 2 and t 1 ≤ t ≤ t 2 . The distance between the two points p (x | θ 1 ) and p (x | θ 2 ) on the statistical manifold given by the curve θ (t) is defined as:
Obviously, the integral distance depends on the selection of the curve θ (t) connecting the two points. The integral distance between p (x | θ 1 ) and p (x | θ 2 ) is usually defined as the minimum length of all curves θ (t) connecting these two distributions, called the Fisher information distance. The Fisher information distance is the length of the shortest geodesic line connecting two points. The geodesic line is the generalization of the straight line in the Euclidean space in the manifold, and the Fisher information distance is the generalization of the distance of the Euclidean distance in the manifold. For a normal distribution cluster with mean µ and variance σ 2 , the Fisher information matrix can be expressed as:
Where θ = (µ, σ 2 ). The statistical manifold with the above metric G (θ) has a hyperbolic structure. We can get the geodesic distance between the normal distribution N1 = (µ 1 , σ 1 ) and N2 = (µ 2 , σ 2 ):
Denoising Method Based on Geodesic Distance
The research of information geometry is based on statistical manifolds, which is composed of clusters of similar probability distributions. We use the gray level information in the pixel neighborhood to estimate the Gaussian model of the pixel. Each pixel in the image has a Gaussian model of the neighborhood estimation, so that all Gaussian models form a statistical manifold. The geodesic distance between the two points on the manifold indicates the similarity between the pixels, the smaller the geodesic distance, the greater the similarity, and the larger the geodesic distance, the smaller the similarity. The image denoising method based on the information geometry is to use the pixels in the neighborhood of the pixels in the image space to be filtered to weight the smoothing. The difference from the traditional denoising method is to use the geodesic to define the similarity weights between pixels. The main steps include:
Step1: Construct the Gaussian model of the pixel according to the mean value µ and the variance σ 2 of the pixel gray scale estimation region in the neighborhood around each pixel.
Step2: Integrate all the formed Gaussian distributions into a whole to form a statistical manifold. The mean µ and variance σ2 of the Gaussian distribution are the coordinates of the manifold.
Step3: In the image space, calculate the distance between the pixel to be filtered and the pixel in the neighborhood.
Step4: Calculate the similarity weight using the geodesic to perform weighted smoothing filtering. The similarity weights between the pixel points are determined by the distance between the geodesic distance and the image space, so that the value of the pixel to be filtered is as follows:
Where C(x) is the normalization coefficient, Ω is the filter window centered on x, and I (y) is the value of the pixel. We take the similarity weight ߱ (x, y) as follows:
(12) The w is the control parameter of the regional geodesic distance. The bigger w is, the smaller is the difference in the similarity weight of each point within the filter window to the point, the better the smoothing effect, but excessive smoothing will make the edge of the image blur; on the contrary, the smaller a is, the difference in the effect of the points within the filter window on the filtering is greater and the smooth effect is worse.
Experimental Result and Analysis
The quality of the de-noising algorithm is usually evaluated according to the image quality after denoising. The amount of image noise removed and the degree of retention of the image structure information are usually indicators of the image quality. In this paper, the PSNR (Peak signal-to-noise ratio) are chosen as the evaluation indexes of image quality after image denoising. The PSNR is difined as [9] : PSNR measures the algorithm's ability to denoise. The greater PSNR is the greater the ability to denoise. In order to comprehensively analyze the denoising effect of our algorithm, this paper uses mean filter, and bilateral filter as the contrast. According to the large number of experimental results, the selection range of bilateral filter parameters is given [8] [9] .
From the filter results it can be seen that this algorithm can smooth the noise well, while maintaining the edge of the details of information. In order to quantitatively compare the filtering effect of different algorithms, this paper chooses different images to experiment and uses PSNR to evaluate the filtered denoised images, with the results shown in Table 1 . It can be seen from the above quantitative results that the algorithm is stronger than the mean filter in terms of the ability of denoising and maintaining image details. At the same time, when dealing with smoother images as shown in Figure I (Lena image). It's denoising and edge detail maintaining ability is significantly better than Mean filter and bilateral filter. This is because the algorithm proposed in this paper considers the abundance of the details of the surrounding and also considers the difference between the surrounding gray value.
Conclusion
In this paper, an image denoising method based on geodesic is proposed. Firstly, a Gaussian model is established by using the average gray intensity and details abundance around the pixel, forming a statistical manifold, which is the basis of information geometry. Then determine the similarity weights between the pixels, according to the distance between the pixels and then perform weighted filtering. The simulation results show that the algorithm has better denoising effect when dealing with relatively flat images than the mean filter. In dealing with images with abundant details, since it considers the overall details, the denoising effect is affected. It is worth further study to create different models in the pixel area and to consider more minute details.
